Introduction
============

The role of the patient's perspective in clinical research has increased over the past 30 years. Questionnaires looking at health status from the patient's perspective---patient reported outcome measures---is an important strategy in determining the effect of interventions. Despite improvements in establishing their validity, reliability, and responsiveness, interpretation of outcome measures reported by patients is challenging.

Interpretability deals with how to determine differences in scores for patient reported outcome measures that constitute trivial, small but important, moderate, or large differences.[@ref1] [@ref2] To help in the design and interpretation of trials evaluating the effect of an intervention on patient reported outcomes, researchers developed a concept called the minimal important difference (MID).[@ref3] [@ref4] The MID provides a measure of the smallest change in an outcome measure that patients perceive as an important improvement or deterioration,[@ref3] [@ref4] and can be used as a reference point for judging the magnitude of treatment effects in clinical trials and systematic reviews.

The widely accepted optimal approach to establishing an MID for a patient reported outcome measure relates a score on the instrument to an independent measure---an external criterion or anchor---that is understandable and relevant to patients.[@ref5] The most widely used anchor is the patient's global rating of change, also referred to as a transition rating. An example of a typical transition rating question would be "Since last month when we started the new treatment, are you feeling better or worse and, if so, to what extent?", with responses of no change, small but important, moderate or large improvement, or worsening. Other anchors include measures of satisfaction, occurrence of an event, or other patient reported outcome measures assessing health status.

A second, but much less effective, approach to estimating the MID involves distribution based methods. These methods rely solely on the statistical characteristics of the study sample (eg, 0.5 standard deviation of scores for patient reported outcome measures) and fail to incorporate the patient's perspective.[@ref6] [@ref7]

The methodology behind an anchor based MID relies on two key components: choice of anchor and statistical method to estimate the MID. Some of these choices are more satisfactory than others; poor choices can lead to MIDs that mislead, and misleading MIDs will result in seriously flawed interpretation of results for patient reported outcome measures in clinical trials and systematic reviews. For MIDs to help inform patient care, investigators and decision makers (including those performing clinical trials, authors of systematic reviews, developers of clinical practice guidelines, and regulatory authorities, and their audiences of clinicians and patients) must be able to distinguish between unreliable and credible or trustworthy MIDs.

How likely is the design and conduct of studies measuring MIDs to have provided robust estimates? Currently, no accepted standards exist for evaluating the credibility of an anchor based MID. Here, we describe the development of an instrument to evaluate the credibility of anchor based MIDs and report the inter-rater reliability of the instrument.

Methods
=======

Development of a credibility instrument
---------------------------------------

A steering committee was set up that included clinicians, health research methodologists, clinical epidemiologists, and a psychiatrist (TD, AC-L, TF, BCJ, GN, DLP, and GHG), with substantial experience in measuring health status. The steering committee coordinated the development of the credibility instrument, recruited collaborators, prepared and revised documents, and provided administrative support.

Selection and development of candidate credibility criteria
-----------------------------------------------------------

Our research group conducted a systematic review to develop an inventory of anchor based MIDs for patient reported outcome measures (A Carrasco-Labra, personal communication, 2020).[@ref8] To develop criteria for assessing the credibility of anchor based MIDs, during study selection for the MID inventory, we simultaneously screened for articles reporting on key issues or considerations about anchor based methods. Specifically, we selected articles with theoretical descriptions, summaries, commentaries, and critiques suggesting one or more criteria for the credibility of any aspect of anchor based methodology for estimation of MIDs. We searched Medline, Embase, CINAHL, and PsycInfo from 1989 to April 2015, to identify relevant articles for both projects. The search strategy, adapted to each database, included terms representing the MID concept and terms looking at patient reported outcome measures (appendix 1).

We used a standardised data extraction form to abstract candidate criteria for establishing the credibility of an anchor based MID from the methods articles selected (appendix 4). We also extracted excerpts for any rationale or explanation provided by authors for why a specific criterion would increase or decrease credibility. After data extraction, through qualitative analysis, we developed a taxonomy with a deductive approach and categorised criteria according to themes.[@ref9] [@ref10]

The steering committee reviewed and discussed the results of the coded data extraction, and evaluated the themes that emerged from the qualitative analysis. Findings from the survey of the literature, coupled with our groups' experience with methods of establishing MIDs,[@ref1] [@ref2] [@ref5] [@ref6] [@ref11] [@ref12] [@ref13] [@ref14] [@ref15] [@ref16] [@ref17] [@ref18] [@ref19] [@ref20] [@ref21] [@ref22] [@ref23] [@ref24] [@ref25] [@ref26] [@ref27] [@ref28] allowed for full discussion of key credibility concepts. Issues that arose based on our experience were the effect of varying correlations between anchor and target instrument, the effect of duration of time required for recall, the relation between sample size and precision of MID estimates, and the relative merits of alternative statistical approaches for estimation of MIDs. The steering committee reviewed the candidate criteria and evaluated the importance of each. Criteria were eliminated when redundancy or overlap existed, and when criteria were not optimally relevant. The steering committee drafted an initial version of the instrument, including clearly worded items, associated response options for each item, and instructions for completing each item.

Piloting and user feedback
--------------------------

We conducted an iterative process of pilot testing and user feedback. We presented the initial instrument to a convenience sample of experts (about seven health research methodologists and clinical epidemiologists with expertise in instrument development, MID estimation, and patient reported outcomes) and target users (about two clinicians, 13 authors of systematic reviews, and three guideline developers). These individuals reviewed the clarity, wording, comprehensiveness, and relevance of the items of the instrument, and provided suggestions for the instrument. We incorporated this feedback. Based on subsequent work, including application of the draft instrument to anchor based MID estimation studies in our MID inventory[@ref8] and more applications of the instrument to inform the development of a clinical practice guideline,[@ref29] we modified the instrument and reduced the number of items. This process continued until the steering group reached consensus that the instrument would prove optimal for use.

Reliability study of the credibility instrument
-----------------------------------------------

### Sample of MID estimates and raters

In our previously mentioned inventory of anchor based MIDs, we summarised more than 3000 estimates and their associated credibility, including MIDs for patient reported outcome measures across different populations, conditions, and interventions, obtained with different anchors and statistical methods.[@ref8] We enlisted help from masters, doctoral, and postdoctoral students with a background in health research methodology to conduct study screening, data extraction, and the credibility assessment. Before starting the review process, the reviewers received extensive training on the methodology of MIDs, including background reading of key methods articles on MIDs, web teleconferences to review screening and data extraction materials, and pilot and calibration exercises. Teams of two reviewers independently extracted relevant data from the studies selected for each MID estimate, collecting information on study design, characteristics of the patient reported outcome measure, anchor and analytical method, sample size, the MID estimate and associated measure of precision, and time elapsed between administration and follow-up assessments of the patient reported outcome measure and anchor (for longitudinal designs). The reviewers applied the newly developed instrument to evaluate the credibility of the MID estimates.

### Sampling method

For a random sample of 200 MID estimates from our inventory, we retrieved the credibility assessments performed by each pair of reviewers with the newly developed instrument. We sampled in excess (see sample size below) to account for potential discrepancies in the MIDs extracted between reviewers and incomplete data (eg, where one reviewer might have missed an MID reported in the study, we would only have one credibility assessment). Because the questions in the extension of the credibility instrument apply only to MIDs estimated with transition rating anchors, and only 50% of the initial sample of 200 MIDs used transition anchors, we randomly sampled an additional 50 MID estimates to meet the required sample size for the relevant reliability analyses. To ensure observations in our sample were independent of each other, when one study reported multiple MIDs, we included only the first MID estimate extracted for that study.

### Sample size

We tested the reliability of our credibility instrument with classical test theory.[@ref30] Because assessments of credibility involve subjective judgments and different individuals collecting data might experience and interpret phenomena of interest differently, we measured inter-rater reliability. According to Shoukri,[@ref31] considering two raters per MID estimate, an expected reliability of 0.7, with a desired 95% confidence interval width of 0.2, and an α of 0.05, would require a minimum of 101 MIDs assessed per rater.

### Analysis

For each item of the instrument, we calculated inter-rater reliability and the associated 95% confidence interval, measured by a weighted kappa, κ, with quadratic weights assigned by the formula: w~i~=1−(i^2^/(k−1)^2^), where i is the difference between categories (response options) and k is the total number of categories. The use of quadratic weights implies that response options for the credibility criteria are ordinal and equidistant. In the absence of information in the primary study to make an informed judgment, the "impossible to tell" response option can be used (see credibility instrument in the results section below). We consider that this rating reflects low certainty in terms of credibility and thus we combined these responses with ratings of "definitely no" in the reliability analysis. We considered a reliability coefficient of at least 0.7 to represent good inter-rater reliability.[@ref32] [@ref33] [@ref34]

Patient and public involvement
------------------------------

Patients and the public were not involved in the design, conduct, or reporting in this methodological research, as our instrument is a critical appraisal tool that is intended for researchers and decision makers who require MIDs for interpretation of patient reported outcome measures, including clinical trial investigators, authors of systematic reviews, guideline developers, clinicians, funders, and policy makers.

Results
=======

We identified 41 relevant articles on MID methods[@ref4] [@ref5] [@ref6] [@ref14] [@ref22] [@ref27] [@ref28] [@ref35] [@ref36] [@ref37] [@ref38] [@ref39] [@ref40] [@ref41] [@ref42] [@ref43] [@ref44] [@ref45] [@ref46] [@ref47] [@ref48] [@ref49] [@ref50] [@ref51] [@ref52] [@ref53] [@ref54] [@ref55] [@ref56] [@ref57] [@ref58] [@ref59] [@ref60] [@ref61] [@ref62] [@ref63] [@ref64] [@ref65] [@ref66] [@ref67] [@ref68] that informed the item generation stage of the development of the instrument ([fig 1](#f1){ref-type="fig"}). There were two major modifications from the first draft[@ref69] to the final instrument. In the first, we removed three items (items 2, 4, and 6 of the first draft) because of issues of redundancy and relevance; rephrased one item dealing with to what extent the anchor and the patient reported outcome measure are measuring the same construct (item 5 of the first draft); and added one new item looking at the precision around the point estimate of the MID. In the second modification, we added a new item evaluating whether the anchor threshold selected for estimation of the MID reflected a small but important difference, and developed more criteria for assessing the credibility of a transition rating anchor (described below).
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Credibility instrument
----------------------

The instrument has five criteria essential for determining the credibility of any anchor based MID ([table 1](#tbl1){ref-type="table"}). In our inventory of anchor based MIDs[@ref8] and a separate systematic review to identify MIDs for knee specific patient reported outcome measures,[@ref29] we found that MIDs were most often derived with transition rating anchors. Transition rating anchors require patients to recall a previous health state and compare it with how they are feeling now. This retrospection required criteria to ensure that transition ratings accurately reflect the change in health status and are not unduly influenced by the baseline or endpoint status; thus, for this situation, we developed a four item extension of the core credibility instrument ([table 1](#tbl1){ref-type="table"}). Below, we describe each question in the instrument with an explanation of the relevance of the item for evaluating credibility (the full version of the instrument is in appendix 2 with three worked examples in appendix 3, where we have applied our instrument to assess the credibility of three MID estimates, each from a published study).

###### 

Credibility instrument for judging the trustworthiness of minimal important differences

  Signalling question                                                                                                                                                      Response options                   
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ---------------------------------- ----------------------------------------------
  **Core criteria**                                                                                                                                                                                           
  Is the patient or necessary proxy responding directly to both the PROM and the anchor?                                                                                   Yes                                No/impossible to tell
  Is the anchor easily understandable and relevant for patients or necessary proxy?                                                                                        Definitely yes/to a great extent   Definitely no/not so much/impossible to tell
  Has the anchor shown good correlation with the PROM?                                                                                                                                                        
  Is the MID precise?                                                                                                                                                                                         
  Does the threshold or difference between groups on the anchor used to estimate the MID reflect a small but important difference?                                                                            
  **Additional criteria for transition rating anchors**                                                                                                                                                       
  Is the amount of elapsed time between baseline and follow-up measurement for MID estimation optimal?                                                                     Definitely yes/to a great extent   Definitely no/not so much/impossible to tell
  Does the transition item have a satisfactory correlation with the PROM score at follow-up?                                                                                                                  
  Does the transition item correlate with the PROM score at baseline?                                                                                                                                         
  Is the correlation of the transition item with the PROM change score appreciably greater than the correlation of the transition item with the PROM score at follow-up?                                      

PROM=patient reported outcome measure; MID=minimal important difference.

Except for the first item, which has a yes or no response, each item has a five point adjectival scale. The response options for items in the instrument are: definitely yes; to a great extent; not so much; definitely no; and impossible to tell. A response of definitely yes indicates no concern about the credibility of the MID estimate. Responses of definitely yes and definitely no imply that information provided in the MID report under evaluation allows an unequivocal judgment in relation to the item; the responses "to a great extent" and "not so much" indicate less certainty. In the absence of information or sufficient detail to make an informed judgment about credibility, the response option "impossible to tell" can be used.

Explanation of the core credibility items
-----------------------------------------

### Item 1: Is the patient or necessary proxy responding directly to both the patient reported outcome measure and the anchor?

An anchor based method for estimating an MID involves linking a specific patient reported outcome measure (eg, short form 36, Beck depression inventory, chronic respiratory questionnaire) to an external criterion, such as a patient or physician transition rating, another patient reported outcome measure, or a clinical endpoint (eg, concentration of haemoglobin, Eastern Cooperative Oncology Group performance status). Patient reported anchors are more desirable than clinical measures or those that are assessed by a clinician. Situations where the patient cannot directly provide information to inform the outcome (eg, elderly individuals with dementia, infants, and pre-verbal toddlers) require a proxy respondent. We suggest using the same standards recommended for a patient directly responding to the outcome measure when evaluating the credibility of MIDs for a necessary proxy reported outcome measure on behalf on the patient.

### Item 2: Is the anchor easily understandable and relevant for patients or necessary proxy?

A suitable anchor is one that is easily understandable and is highly relevant to patients. Typical appropriate anchors are global ratings of change in health status,[@ref19] [@ref70] [@ref71] [@ref72] status on an important and easily understood measure of function,[@ref73] the presence of symptoms,[@ref74] disease severity,[@ref75] response to treatment,[@ref75] [@ref76] or the prognosis for future events, such as death,[@ref74] [@ref77] [@ref78] use of healthcare facilities,[@ref79] or job loss.[@ref74] [@ref80] [@ref81]

### Item 3: Has the anchor shown good correlation with the patient reported outcome measure?

The usefulness of anchor based approaches is critically dependent on the relation between the patient reported outcome measure and the anchor. When determining the credibility of the MID, we consider how closely the anchor is related to the target patient reported outcome measure and give greater importance to MIDs generated from closely linked concepts; the anchor and patient reported outcome measure should be measuring the same or similar underlying constructs, and therefore should be appreciably correlated. A moderate to high correlation (at least 0.5) suggests the validity of the anchor.[@ref14] [@ref82] [@ref83] An anchor that has low or no correlation with the patient reported outcome measure will likely give inaccurate MID estimates. The instrument has a guide for judging the correlation coefficient.

### Item 4: Is the MID precise?

To judge precision, we focus on the 95% confidence interval around the point estimate of the MID. We provide a guide for judging precision when the investigators report the 95% confidence interval around the MID estimate based on the likelihood that inferences about the magnitude of a treatment effect would differ at the extremes of the confidence interval. When authors do not provide a measure of precision, the number of patients included in the estimation of the MID gives an alternative criterion for judging precision. We provide guidance on appropriate sample size based on the relation between sample size and precision in studies in the inventory that reported 95% confidence intervals.

### Item 5: Does the threshold or difference between groups on the anchor used to estimate the MID reflect a small but important difference?

To respond to this credibility question, a judgment is needed on whether the selected threshold or groups compared on the anchor reflect a small (rather than moderate or large) but important difference. Even after the threshold is set, many analytical methods can be used to compute the MID, and whether the chosen method of analysis calculates an MID needs to be determined. [Box 1](#box1){ref-type="boxed-text"} provides a framework for making these judgments, and [box 2](#box2){ref-type="boxed-text"} has examples of high and low credibility MIDs estimated with different types of anchors.

###### Considerations for judging whether the minimal important difference represents a small but important difference

1.  What is the original scale of the anchor and is it transformed in any way?

2.  Does the scale (or transformed scale) of the anchor capture variability in the underlying construct?

3.  What is the threshold used or comparison being made on the anchor? Does this threshold or comparison represent a difference that is minimally important?

4.  Does the analytical method ensure that the minimal important difference represents a small but important difference? The last example in [box 2](#box2){ref-type="boxed-text"} shows how a poorly chosen analytical method could give misguided minimal important difference estimates.

###### Examples of high and low credibility ratings for item 5 of the credibility instrument

#### High credibility

-   Investigators calculated the minimal important difference (MID) for the pain domain of the Western Ontario and McMaster University Osteoarthritis Index (WOMAC) as the mean change in the WOMAC pain score in patients who reported themselves as "a little better" to the question "how was the pain in your operated hip during the past week, compared with before the operation," offering response options of extremely better, very much better, much better, better, a little better, a very little better, almost the same or hardly any better, or no change (with parallel responses for worsening).[@ref62]

-   To estimate the MID for the National Comprehensive Cancer Network-Functional Assessment of Cancer Therapy (NCCN-FACT) Colorectal Cancer Symptom Index (FCSI-9), investigators compared Eastern Cooperative Oncology Group (ECOG) performance status (score 0-4, higher scores signify worse performance status) at follow-up with baseline performance status. The MID for the FCSI-9 was calculated with the beta coefficients from an analysis of variance model where the dependent variable was the FCSI-9 change score from baseline to week 8 and the independent variable was the ECOG performance status.[@ref84] The investigators decided on a half unit change in the ECOG performance status as a small but important difference---which is assumed to be reasonable---and this threshold was used to derive the MID for the FCSI-9.

#### Low credibility

-   Patients responded to: "Compared to before treatment my back problem is a) much better, b) better, c) unchanged, d) worse." Investigators defined the MID for deterioration for the Oswestry Disability Index by calculating the difference in score between patients who rated themselves as worse and patients who rated themselves as unchanged.[@ref85] This rating has low credibility because worse could mean a little worse or much worse ([box 1](#box1){ref-type="boxed-text"}, framework steps 2 and 3).

-   Investigators estimated the MID for the Ability to Perform Physical Activities of Daily Living Questionnaire (APPADL) by taking the difference in mean APPADL change scores for those who achieved 5% or more weight loss from baseline to six months and those who achieved less than 5% weight loss.[@ref86] This rating is problematic because how patients whose weight fell by 6% reacted is not clear---we do not know whether the patients were pleased they had made a substantial weight reduction, had considered the change small but important, or had regarded it as trivial. Also, the researchers used a misguided analytical method. In their group of patients who they classified as having a small but important improvement, they included patients who had a 5%, and also a 10%, 30%, or 50% reduction in weight loss together. Subtracting the APPADL mean change score for the group of patients achieving a less than 5% change in weight loss from those who experienced a change greater than 5% could give an estimate for the MID that constitutes a small, moderate, or large difference, depending on the proportion of patients who achieved large percentage weight losses ([box 1](#box1){ref-type="boxed-text"}, framework step 4). Rather, the use of receiver operating characteristic curve analysis would have been a more appropriate choice.

Explanation of additional items for transition rating anchors
-------------------------------------------------------------

### Item 1: Is the amount of elapsed time between baseline and follow-up measurement for MID estimation optimal?

Despite the intuitive appeal of transition questions, patients have considerable difficulty recalling previous health states,[@ref14] [@ref49] [@ref87] and the longer the time patients have to remember, the greater the difficulty.[@ref14] [@ref49] Patients can often remember previous states for up to four weeks[@ref14]; as time extends into months, patients are more likely to confuse change over time with current status.[@ref49]

Judgments for items 2-4 of the extension for transition rating anchors requires knowledge of the directional characteristics of the patient reported outcome measure and transition scale. In the instrument, we provide guidance to deal with situations where higher scores on both the patient reported outcome measure and anchor represent the same direction (that is, both represent a worse or better condition) and when they represent different directions.

### Item 2: Does the transition item have a satisfactory correlation with the score for the patient reported outcome measure at follow-up?

Ideally, the correlation between the transition rating with the score at baseline and the transition rating with the score at follow-up would be equal and opposite, an ideal that seldom occurs. To the extent that the score at follow-up shows at least some correlation with the transition, the MID estimate is more credible than if there were no correlation.[@ref14] [@ref68]

### Item 3: Does the transition item correlate with the patient reported outcome measure score at baseline?

If the score at baseline correlates with the transition rating, we are more confident that patients are taking their baseline status into account when scoring the transition rating.[@ref14] [@ref68]

### Item 4: Is the correlation of the transition item with the patient reported outcome measure change score appreciably greater than the correlation of the transition item with the patient reported outcome measure score at follow-up?

A correlation of at least 0.5 between the transition rating and the change in patient reported outcome measure is necessary but insufficient to confirm that the transition rating is measuring change, as opposed to current health status. A correlation of the score at follow-up with the transition that is similar or greater than the correlation of the change with the transition indicates that the rating likely reflects only current status, and thus confidence in the MID estimate decreases.[@ref14] [@ref68] The instrument provides a guide for judging the correlation coefficients described in items 2-4.

Overall judgment of credibility
-------------------------------

Responses to individual items provide the basis for determining an overall judgment of credibility for the MID estimate. We have deliberately avoided a prescriptive approach for reaching an overall judgment and have not scored items, because the relative weights of individual items within the instrument are uncertain and depend on context. Thus the overall credibility judgment for a given MID estimate requires consideration of the severity of the credibility issue for a particular item and the consequence of this issue.

Reliability analyses
--------------------

The analysis for the assessment of inter-rater reliability included 135 MIDs assessed by two raters for the core credibility criteria and 137 for the first item in the extension criteria. For the remaining items in the extension for transition rating anchors, only 12 studies reported the correlation between the score at follow-up and transition rating described in items 2 and 4, and 10 studies provided the correlation between the score at baseline and transition rating required for item 3. Because of the limited sample sizes, we could not conduct an evaluation of the inter-rater reliability for these items.

Overall, the inter-rater reliability for all items ranged from good (Cohen's ĸ ≥0.7) to very good (≥0.8) agreement ([table 2](#tbl2){ref-type="table"}). The item from the extension criteria looking at duration of follow-up had the highest value for Cohen's ĸ, and the item on whether the anchor is understandable and relevant, the lowest.

###### 

Inter-rater reliability coefficients

  Item                                                                                                                               Weighted κ (95% CI)
  ---------------------------------------------------------------------------------------------------------------------------------- ---------------------
  **Core criteria (n=135 MIDs)**                                                                                                     
  Is the patient or necessary proxy responding directly to both the PROM and the anchor?                                             0.80 (0.64 to 0.95)
  Is the anchor easily understandable and relevant for patients or necessary proxy?                                                  0.70 (0.66 to 0.76)
  Has the anchor shown good correlation with the PROM?                                                                               0.90 (0.86 to 0.94)
  Is the MID precise?                                                                                                                0.80 (0.67 to 0.87)
  Does the threshold or difference between groups on the anchor used to estimate the MID reflect a small but important difference?   0.74 (0.71 to 0.79)
  **Additional criterion for transition rating anchors (n=137 MIDs)**                                                                
  Is the amount of elapsed time between baseline and follow-up measurement for MID estimation optimal?                               0.94 (0.91 to 0.96)

κ=Cohen's kappa; MID=minimal important difference; PROM=patient reported outcome measure.

The difference in the number of MIDs included in the reliability analysis for the credibility criteria for the transition rating anchors is because of the additional random sample of MIDs retrieved to meet the required sample size (see sampling method section in the methods).

Discussion
==========

Principal findings
------------------

We have developed a credibility instrument to evaluate the design, conduct, and analysis of studies measuring anchor based MIDs. Our instrument is a critical appraisal tool that provides a systematic step-by-step approach to deciding whether a study claiming to establish an MID has trustworthy results. The five criteria in the core credibility instrument proved reliable, with good to excellent agreement between reviewers. The items on whether the anchor is understandable and relevant, and whether the threshold on the anchor represents a small but important difference, had lower, but still satisfactory, inter-rater reliability estimates.

Strengths and limitations of the study
--------------------------------------

Strengths of the study include the use of the literature and the expertise of the study team in the development of our criteria, and modifications based on expert feedback and extensive experience in applying the instrument. Similar methods have proved successful for developing methodological quality appraisal standards across a wide range of topics.[@ref88] [@ref89] [@ref90] [@ref91] [@ref92] We undertook a rigorous assessment that showed the high reliability of the instrument.

Our study has limitations. Although a multidisciplinary team with a broad range of content and methodological expertise led the development of the credibility instrument, these individuals represent only a fraction of the experts in patient reported outcome and MID methodology worldwide. Researchers have not reached consensus on optimal anchor based approaches, types of anchors, and analytical methods, and methodological issues might subsequently emerge that require modification of the instrument.

Reviewers who participated in our reliability study had graduate level methodology training, received extensive instruction on MID methodology, extracted data from at least 30 studies reporting MID estimates, and participated in pilot testing with different iterations of the instrument. Thus reliability might be lower in less well trained and instructed individuals. We have, however, developed detailed instructions and examples (included here and in the appendix) that are likely to enhance reliability in those with less experience than the raters in this study.

We did not conduct a formal evaluation to collect feedback on the usability of our instrument or satisfaction with its use. The instrument did, however, undergo numerous iterations of pretesting, which resolved several issues related to the understanding, comprehensiveness, and overall structure of the instrument.

We could not assess inter-rater reliability for three items in the extension for transition rating anchors, as only 3% of the studies in our inventory of MID estimation studies evaluated the correlations necessary to judge the validity of transition rating anchors. In the future, we anticipate that the availability of this credibility instrument will spur improvements in methodology of the conduct of MID studies. If so, correlations will be regularly reported, and the investigators can look at the reliability of these items.

We have not established the validity of our instrument by formal testing. In other work, however, we have shown that the current criteria for credibility succeed in partially explaining the variability in the magnitude of the MID.[@ref29] [@ref93] Our instrument does not deal with the underlying measurement properties of the patient reported outcome measures (that is, validity and responsiveness) and assumes that users will only move forward in evaluating the credibility of MIDs if the instrument has met at least minimal standards of validity and responsiveness.

Implications and future research
--------------------------------

Knowing the MID facilitates the interpretation of treatment effects in clinical research, allowing decision makers to determine if patients have had important benefits,[@ref46] [@ref94] [@ref95] and informing the balance between desirable and undesirable outcomes of interventions. The recent CONSORT PRO Extension (Consolidated Standards of Reporting Trials patient reported outcomes) encourages authors to include discussion of an MID or a responder definition in reports of clinical trials.[@ref14] The demand for increased use of MIDs in trials requires the availability of trustworthy estimates. Since the MID was first introduced over three decades ago,[@ref3] [@ref12] methods for calculating the MID have evolved. In our linked inventory of published anchor based MIDs, we identified many statistical methods, each with its own merits and limitations. We also found varying qualities of the anchor, and the threshold selected for defining the MID might not always be optimal. Different methodological and statistical approaches to calculate MIDs will give different estimates for the same patient reported outcome measure.[@ref62] [@ref96] Given the multiplicity of MID estimates often available for a given patient reported outcome measure and non-standardised methodology, researchers and decision makers in search of MIDs need to critically evaluate the quality of the available estimates.

Flaws in the design and conduct (aspects of credibility) of the studies empirically estimating MIDs can lead to overestimates or underestimates of the true MID. Lack of trustworthy MIDs to guide interpretation of estimates of treatment effects measured by patient reported outcome measures---or worse, availability of misleading MIDs---might result in serious misinterpretations of the results of otherwise well designed clinical trials and meta-analyses. Our credibility instrument provides a comprehensive approach to assessing the credibility of anchor based MIDs. Widespread adoption and implementation of our credibility instrument will facilitate improved appraisal of MIDs by users such as those conducting clinical trials, authors of systematic reviews, guideline developers, clinicians, funders, and policy makers, and also guide the development of trustworthy MIDs.

In developing our inventory of anchor based MIDs, and in other related work,[@ref29] [@ref93] we found that the literature often includes a number of candidate MIDs for the same patient reported outcome measure. Moreover, the magnitude of these estimates sometimes varies widely. Several other researcher groups have made similar observations, stressing the importance of improved understanding of factors influencing the magnitude of MIDs.[@ref46] [@ref62] [@ref97] [@ref98] [@ref99] Future research should, therefore, focus on understanding how different methodological and statistical approaches contribute to the variability in MIDs.

Our instrument focuses on the methodological issues that could potentially lead to flawed and thus misleading MIDs, which might in part explain why different methods can give variable estimates. Variability in MIDs, however, can also be related to many other factors, including the clinical setting, patient characteristics (eg, age, sex, disease severity, diagnosis), intervention, and duration of follow-up. Findings from subsequent investigations might provide insights into the appropriate use, in terms of context and trustworthiness, of MIDs for interpretation of patient reported outcome measures in clinical research and practice. For updates to the instrument and associated instructions that may arise from these insights, see [www.promid.org](http://www.promid.org).

Conclusions
-----------

To better inform management choices, patients, clinicians, and researchers need to know about MIDs to be able to interpret the effects of treatment on patient reported outcome measures. Consideration of the credibility of an MID involves complex judgments. We have developed a reliable instrument that will allow users to distinguish between unreliable and credible MID estimates. This work provides guidance for dealing with the credibility of MIDs to optimise the presentation and interpretation of results from patient reported outcome measures in clinical trials, systematic reviews, health technology assessments, and clinical practice guidelines, and also has important implications for how investigators should conduct future studies on estimating anchor based MIDs.

### What is already known on this topic

1.  Interpreting results from patient reported outcome measures is critical for healthcare decision making

2.  The minimal important difference, a measure of the smallest change in a measure that patients consider important, can greatly facilitate judgments of the magnitude of effect on patient reported outcomes

3.  The credibility of minimal important difference estimates varies, and guidance on determining credibility is limited

### What this study adds

1.  An instrument to evaluate the design, conduct, and analysis of studies measuring minimal important differences has been developed

2.  This instrument aims to allow users to distinguish between unreliable and credible minimal important differences to optimise the presentation and interpretation of results from patient reported outcome measures in clinical trials, systematic reviews, health technology assessments, and clinical practice guidelines

3.  This instrument will also aim to promote higher standards in methodology for robust anchor based estimation of minimal important differences
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